problem in first lactation only. Therefore, the objective of this study was to estimate 23 genetic parameters for CM and somatic cell count (SCC) for the first 3 lactations of 24 Dutch Holstein cattle. Data from 250 Dutch herds recording CM were used to 25 quantify the genetic variation of CM in parity 1, 2, and 3, respectively. The dataset 26 contained 35,379 lactations from 21,064 animals of different parities. Test-day SCC 27 was available from all lactations. Somatic cell counts were log-transformed to somatic 28 cell scores (SCS) and averaged over test-day records between 5 and 335, 5 and 150, 29 and 151 and 335 days in milk. Variance components for CM and SCS were estimated 30 using a sire-maternal grandsire model. The heritability for CM was approximately 3% 31 in all parities. Genetic correlations between CM in consecutive lactations were high 32 (0.9), but somewhat lower between parity 1 and 3 (0.6). All genetic correlations 33 between CM and SCS were positive, implying that genetic selection on lower SCC 34 will reduce CM-incidence. Estimated genetic correlations were stronger for SCS in 35 the first half of lactation than in the second half of lactation. Selection indices showed 36 that most progress could be achieved when treating CM in parity 1, 2, and 3 as Clinical mastitis (CM) is one of the major diseases in Dutch dairy herds. It is 43 characterized by visible signs such as clots and flakes in the milk (Hamann, 2005) , 44 and possibly decreased milk production, swelling of the udder, pain of the quarter, 45 and an increased body temperature (Smith and Hogan, 1993; Harmon, 1994) . 46 Risk of CM is affected by a number of factors such as pathogenicity of micro-47 organisms, management factors like treatment and prevention strategies (Schukken et 48 al., 1997), conformation and immunological performance of the cow, and genetic 49 predisposition of the cow. This makes genetic selection a strategy to reduce the 50 incidence of CM. The advantage of reducing CM by breeding is that it results in a 51 permanent change in the genetic composition of the dairy herd (Shook, 1989) . 52 Breeding for increased resistance to CM can be performed in three ways, i.e. 53 by direct selection against CM, by indirect selection using indicator traits, or by a 54 combination of both. For direct selection, CM needs to be measured on the cow or her 55 relatives. Heritability of CM is generally below 0.05 when estimated with linear 56 models (Mrode and Swanson, 1996; Heringstad et al., 2000) . Direct selection to 57 reduce the incidence of CM is used in Scandinavia (Norway, Sweden, Finland, and 58 Denmark). In most other countries, cases of CM are not recorded. Therefore, indirect 59 selection needs to be performed using traits that are genetically correlated to CM. In the Netherlands, the breeding goal is to improve resistance against CM in 76 parity 1, 2, and 3. However, cases of CM are currently not routinely recorded in The random sire effect was identified by the subscripts for sire and MGS; S sire and 159 S mgs , respectively. The sire effects were linked using the relationship matrix, and were 160 assumed to be normally distributed with var(S sire or mgs ) = σ The genetic correlations used between the 3 CM-traits were those estimated in our A c c e p t e d M a n u s c r i p t 9 study. The genetic correlations with the other traits in the index were assumed to stay 189 the same as used in the current Dutch udder health index (Table 1) . The heritabilities for CM in parity 1, 2, and 3 were all around 3% (Table 3) .
221
The genetic correlations between CM in consecutive parities were high (≈ 0.9 ± 0.1),
222
but lower between parity 1 and 3 (0.6 ± 0.2). Accuracy was 72% for young sires with 100 daughters using the current Dutch 235 udder health index (Table 5) . However, when parity-specific CM was included in the 236 breeding goal, accuracy of selection increased to 75%. Even higher accuracy could be proven sires with 10,000 daughters accuracy increased to 90% ( 
Genetic parameters of clinical mastitis
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A c c e p t e d M a n u s c r i p t
12
Heritability estimates of parity-specific CM were low ( 
302
Heritabilities and correlations in this study were estimated using linear mixed 303 sire maternal grandsire models. These models assume normality of residuals.
304
However, CM is a binary trait and residuals will therefore not be normal distributed. 
Selection against mastitis
310
14
The estimated heritabilities of CM in consecutive lactations were around 3%. Another option is to combine indicator traits in an index. An "index method" 318 combines information into a single figure that gives an optimal selection criterion.
319
Optimal is defined as 'most accurate' or 'giving the highest selection response when 320 selecting for it'. In the Netherlands, the breeding goal is to improve resistance against 321 CM in parity 1, 2, and 3. Therefore indices were developed to optimally predict the The occurrence of CM increases with increasing parity, from 13% to 19%.
368
The estimated heritabilities of CM in parity 1, 2, and 3 were all low, around 3%. 
